.
The c-Myc transcription factor is deregulated in a wide range of human cancers 1 . cMyc regulates genes involved in a range of processes, notably cell growth and proliferation 2 . c-Myc is associated with many locations throughout the genome, but it has been hard to experimentally characterise c-Myc as potent regulator of individual target genes 3 . Some recent evidence suggests that c-Myc may contribute to gene regulation at a more global level 4 . Recent evidence suggests that human c-Myc stimulates cell growth, in part via its ability to directly activate transcription of genes encoding both the protein and RNA components of the protein synthesis machinery, which are transcribed by RNA Polymerases II, and I and III respectively 3 . Protein synthesis capacity is rate limiting for cell growth and the coordinated production of ribosomal components in stoichiometric amounts is important for successful ribosome biogenesis 5 .
It has been shown previously that c-Myc binds to sequences upstream and downstream of the rRNA coding regions in the human rDNA that contain putative cMyc binding sites (E-boxes) 6 . To better understand the role of c-Myc in mammalian cells we compared human, mouse and rat rDNA sequences. As expected the regions encoding the mature 18S, 5.8S and 28S rRNAs are highly conserved. However, the non-transcribed regions and non-coding transcribed regions are much more variable (see Supplementary Fig. S1 online) . In particular, the sequences upstream and downstream of the rRNA coding regions are most diverged in the rat (c. 20%
sequence conservation compared to human). The number of E-boxes in the rat sequence ( Fig. 1a) is lower than in either the human or mouse sequences and the position of E-boxes in the sequences is not conserved. c-Myc induces rDNA transcription in rat cells 7 but it is not known whether this involves direct interaction with the rDNA as in human cells. In fruit flies functional E-boxes are not found in the rDNA and dMyc induces rDNA transcription indirectly 8 .
To determine whether c-Myc associates with rat rDNA sequences as with the equivalent but divergent human upstream and downstream regions, we performed chromatin immunoprecipitation experiments in Rat1 fibroblasts. Fig. 1b shows that cMyc associated with both upstream and downstream regions in serum stimulated cmyc+/+ rat fibroblasts (TGR1). No significant association is seen without serum stimulation or in c-myc-/-cells (HO1519). Consistently, c-Myc is required for efficient serum-dependent induction of rDNA transcription in Rat1 cells (Fig. 1c) .
Specific activation of a stably expressed c-Myc/ER fusion protein in serum-starved cmyc-/-cells using the Estrogen Receptor ligand, 4-hydroxytamoxifen (4-HT), is sufficient to induce rDNA transcription within 2h (Fig. 1d ). This rapid, growth factor independent response strongly suggests direct activation of rDNA transcription by rDNA-associated c-Myc. Myc-induced rDNA transcription was still seen in cells pretreated with α-amanitin to inhibit transcription by RNA Polymerase II (see Supplementary Fig. S2 online) as previously seen in human cells 6, 7 . We conclude that c-Myc is a direct regulator of rat rDNA transcription and that this role is likely to be a functionally conserved feature within mammals despite the high divergence of noncoding rDNA sequences and the E-boxes they contain.
To further characterise the mechanism by which c-Myc activates rDNA transcription Given the well-characterised role of TBP as a factor involved in transcriptional initiation 10 To determine whether gene loops are formed in mammalian rDNA we used the chromosome conformation capture (3C) technique 13 
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METHODS

Northern blotting
Total cellular RNA was extracted from rat fibroblasts using the RNeasy Mini kit (QIAGEN) as recommended by the manufacturer. 10 μg of cellular RNA was resolved on 1% agarose gels containing formaldehyde (Sigma) (1 ml 37% stock/20 ml agarose gel), and transferred to Hybond N membrane (Amersham). Rat 45S prerRNA was detected using a radiolabelled probe that hybridizes to the 5'-terminal part (nucleotides 2-201) of rat rRNA. The radiolabelled probe was synthesized by
Rediprime II random prime labeling system (Amersham). The hybridization images were captured and quantified using a FLA-3000 phosphoimager system (Fujifilm).
Chromatin immunoprecipitation (ChIP) assays
Preparation of nucleoli from formaldehyde-fixed cells and sonication of nucleolar chromatin were carried out as described previously 
Quantitative PCR assays
The sequences and locations of primer sets corresponding to rat ribosomal RNA are listed in Supplementary Table S1 
Chromatin conformation capture assays
The procedure for chromosome conformation capture (3C) has been described in detail previously 13 . Briefly, cells were cross-linked using 2% formaldehyde (Sigma)
at room temperature for 10 minutes. Cross assay were generated by the following approaches: DNA fragments containing the BamHI or HindIII cutting site were amplified by PCR with a specific primer set (see Supplementary Table S2 
